Despite the role of anxiety, depression and hostility in the pathogenesis of cardiovascular diseases, their impact on two significant cardiovascular risk factors, nocturnal dipping and morning surge in blood pressure (MSBP), are largely ignored and primarily studied in clinical populations. This study examined the effects of dipping and psychological traits on MSBP in healthy people. Nocturnal dipping and MSBP were derived from 24-h ambulatory BP obtained in 77 men and 79 women, mean age 32.8 (s.d.: 7.4). Differences in depression, anxiety and hostility were examined by questionnaires. Higher levels of dipping (Po0.0001) and depressive symptoms (P ¼ 0.01) independently contributed to increased MSBP. Dipping interacts with depression (P ¼ 0.04), hostility (P ¼ 0.01) and anxiety (P ¼ 0.04) in determining MSBP. Low dippers with higher scores on the psychological traits showed higher MSBP than high dippers. A significant MSBP interaction was found between sex and depressive symptoms (P ¼ 0.05), anxiety (Po0.0001) and hostility (P ¼ 0.01) with higher scores associated with increased MSBP observed in males. Findings underscore depression as a predictor of MSBP independent of dipping. The clinically significant relationship between dipping and non-dipping patters, psychological traits and MSBP requires further investigation.
Introduction
Twenty-four hour blood pressure (BP) shows a distinct circadian pattern with an approximate 10-20% decline during sleep, known as 'dipping,' followed by an increase in BP concurrent with arousal from sleep, known as the morning surge in BP (MSBP). 1 Approximately 25% of people with hypertension are classified as non-dippers in whom the normal nocturnal fall of pressure is reduced or absent. 1 Non-dipping and excessive surge in BP have been associated with an increased risk for cardiovascular events including heart attack, stroke and sudden death. 2, 3 MSBP has been associated with the change in BP after an afternoon siesta, 4 suggesting that a sudden rise in pressure may pose a risk regardless of time of day. Excessive MSBP has been proposed to trigger stroke via shear stress on atherosclerotic cerebral vessels; however, increased sympathetic nervous system activity and platelet hyperactivity, hypercoagulability, blood viscosity and increased vascular spasm may be contributing factors. 5, 6 Excessive MSBP, however, is observed in dippers compared with non-dippers and is associated with increased cardiovascular sequelae. 1 This seemingly contradictory result highlights the ambiguous relationship between surge and dipping, and suggests the need for further investigation of these important risk factors.
Additional factors known to influence cardiovascular events include hostility, 7 depression 8 and anxiety. 7, 9 Psychological risk factors including hostility and depression are reported to impact hypertension risk indirectly via biobehavioral pathways including unhealthy behaviours such as smoking, increased caloric and alcohol intake, and by increasing biological reactivity to stress, inflammation, expression of metabolic syndrome [10] [11] [12] and MSBP. Depression has been shown to predict the incidence of vascular diseases beyond that provided by age, sex, ambulatory BP, lifestyle and environmental conditions with adverse vascular outcomes associated with longer periods of depressive mood. 13 In a 10-year follow-up study of the first National Health and Nutrition Examination Survey, the Center for Epidemiological Studies Depression scale predicted a greater than 70% excess risk of incident cardiovascular disease risk in both men and women.
14 Anxiety has also been associated with greater cardiovascular mortality and morbidity in various populations including community-based samples, although the majority of studies are limited to men and Caucasian populations.
14 Hostile individuals with advanced cardiovascular disease may be particularly susceptible to stress-induced increases in sympathetic activity and inflammation. 15 Furthermore, recent findings demonstrate that even mild levels of adverse psychological states such as depression, anxiety and hostility may be linked to increased cardiovascular risk via impaired vasodilation. 16 Only one paper has examined the relationship between personality and MSBP. We previously reported that individual differences in hostility were related to different patterns of BP during sleep and the early morning hours in hypertensive patients. 17 The results revealed significant differences between low and high hostility patients for overall levels of systolic BP (SBP) during sleep. Specifically, patients with low hostility scores had the greater rate of rise of early morning BP, because they had reached lower nocturnal baseline levels, whereas high-scoring individuals showed a gradual rise in BP during sleep that continues into the waking hours. Findings suggest vulnerability to different cardiovascular risk factors for the two groups: the non-dipping pattern of high hostility subjects has been associated with more target organ damage, whereas low hostility individuals may be more prone to cerebrovascular accidents due to the larger MSBP. The data suggested the need for further study of the significance of hostility and other personality traits, and how the interrelationship of these factors may relate to the mechanisms of MSBP and the risk of cardiovascular events.
As to age and sex, a recent investigation in primary hypertensive individuals reported that MSBP was strongly correlated with age, although sex was unrelated to MSBP. 18 However, morning diastolic BP (DBP) and mean arterial pressure were lower in women, and morning pulse pressure was higher suggesting that the effects of both age and sex on MSBP should be considered. 18 In addition to hemodynamic characteristics reportedly differing by sex, 19 the relationship between negative emotions and cardiovascular events has been shown to be influenced by sex. 20 The major aims of the present study are to examine the effects of dipping and psychological traits on MSBP in a healthy population, and the interrelationship of these factors in predicting MSBP. To follow-up our previous work, 17 we examined the effects of anxiety, depression and hostility on MSBP in a large sample of healthy individuals and determined whether the effects were related to sex. The effects of dipping and of psychological traits were examined in the same statistical models to determine and control for the interaction of these factors in predicting MSBP.
Materials and methods
The data were obtained in a study of psychosocial factors and ambulatory BP in a large sample of healthy people (see Goldstein et al., 2006) . 21 
Subjects
The subjects were healthy adults, 77 men and 79 women, age 22-50 (mean 32.8, s.d. ¼ 7.4), who were all employed full-time. They were screened for significant health problems and use of drugs or medications that affect cardiovascular functions. Subjects with body mass index (BMI) X32 kg m
À2
and a prior diagnosis of hypertension were excluded as were post-menopausal women and women who were pregnant or lactating within the previous 12 months. All subjects gave informed consent, approved by the UCLA Institutional Review Board.
Procedure
After an initial telephone screening, subjects were seen on three separate sessions. During the initial session, subjects provided information on demographics and health and filled out questionnaires on individual characteristics. Height and weight were measured. Twenty-four hour ambulatory BP was obtained in sessions two and three, 1 week apart.
Ambulatory BP
Ambulatory monitoring was done on one work day and one off work day, counterbalanced. Recordings commenced as close as possible to the beginning time of the usual work day for each participant, in the morning hours. Subjects returned on the following day after each session to have the monitor removed.
BP was recorded by the Accutracker II (Suntech Medical Instruments, Raleigh, NC, USA), used widely in clinical and research studies, with established reliability and validity. 22, 23 On each measurement occasion, single readings of SBP and DBP and heart rate were obtained. SBP was used in estimating MSBP. Subjects were told to keep their arms still at their sides each time the instrument operated, whatever their posture or activity at the time. The recorder was programmed to operate on a variable schedule three times an hour during waking hours and once an hour during sleep, based on each subject's estimates of time of going to sleep and awakening. For each subject, ambulatory data were first edited for artifacts based on Accutrackerreading codes (insufficient electrocardiogram or Korotkoff sounds) and extreme values (4200/120 or o70/40 mm Hg). Editing was done entirely by set rules. 24 Using a stem-and-leaf plot (Systat, Evanston, IL, USA) for each subject's distribution of SBP readings, we identified and excluded far outside values. 25 Classification of each reading as wake or sleep was based on diary entries and post-session reports.
Only nighttime sleep values were included in the sleep category and daytime wake values in the wake category. The average number of readings per subject was 122.2 (13.6) during wake and 20.8 (6.3) during sleep. Number of readings did not differ as a function of the major variables of the study.
Morning surge
Several different methods of estimating MSBP have been reported, such as the change in mean SBP between the mean of the 2 or 3 h immediately before waking up, and the mean of the 2 or 3 h after awakening or the slope of the hourly change in SBP for the respective 4 or 6 h. In our previous study, 17 inspection of the 6 hourly SBP means (3 pre-and 3 post-awakening) indicated that the pattern of SBP change did not follow a linear course. The successive variations from reading to reading can also affect the linearity of the slope, which makes it independent of the significant portion of the change. For these reasons, we chose the change in SBP between the mean of the 3 pre-and 3 post-awakening hours as the measure of MSBP. The 3-h means are likely more stable indices than 2-h means. When two or more readings occurred within a given hour, these readings were averaged.
In the analyses, the measure of dipping (SBPDIP) was the percentage change in SBP (usually a decrease) from the mean of waking SBP readings to the mean of sleep readings.
Personality measures
The following tests were administered: (a) Spielberger Trait Anxiety Inventory (STAI), a measure of dispositional anxiety; 26 (b) Center for Epidemiologic Studies Depression Scale (CES-D) (total score), a measure of depressive symptoms; 27 (c) Cook-Medley Hostility sub-scale (CM) of the Minnesota Multiphasic Personality Inventory, a measure of indirect or cynical hostility. 28 
Statistical analysis
As mean work day and non-work day SBPs were similar (126.3 mm Hg and 125.7 mm Hg, respectively) and highly intercorrelated (r ¼ 0.52; Po0.0001), models were run combining data from both days. Considering that sleep duration is known to affect morning surge 29 and can differ during work and non-working days, hours of sleep computed separately for the 2 days and Pearson correlation were performed to test its relationship with MSBP and SBPDIP. The same was done for number of awakenings per night.
Sex differences were analysed by two-sample t-test. The data were analysed using General Linear Models with MSBP (increase in SBP) as the dependant variable. As preliminary analyses did not show age, or ethnicity effects, these factors were not included in the models. Four analyses with the same format were conducted. Example of the first one is as follows: the independent variables were Sex, BMI, SBPDIP, CES-D, SBPDIP*CES-D, Sex*CES-D and BMI* CES-D. As the Sex*SBPDIP, Sex*BMI and BMI*SBP interactions were not significant in any of the analyses, they were excluded from the final models. In the second analysis, STAI was substituted for CES-D, in the third analysis, CM was substituted for CES-D and in the fourth analysis, SBP during wake (SBP wake) was substituted for CES-D. To test the contribution of each variable in the prediction of MSBP, a complete regression model was performed with sex, BMI, SBP wake, SBPDIP, CES-D, STAI, CM and their two-way interactions. Figures depicting significant interactions of continuous variables were drawn following Aiken and West. 30 As recommended, the continuous variables were centred around their means to control for multicollinearity.
Results
Neither sleep duration nor number of awakenings was related to MSBP or SBPDIP. Table 1 shows sex differences for the demographic, physiological and personality variables. Men had a higher BMI, t ¼ -2.98; Po0.0001, and women had higher CES-D scores, t ¼ -2.62; P ¼ 0.01, and lower baseline SBP, t ¼ À6.86; Po0.0001 and DBP, t ¼ -4.36; Po0.0001. Anxiety (STAI) was positively correlated with depressive symptoms (CES-D; r ¼ 0.58) and hostility (CM; r ¼ 0.46). A positive relationship was also found between depressive symptoms and hostility (r ¼ 0.39).
The analyses showed significant main effects of SBPDIP in all GLM models, Po0.0001. Specifically, a higher SBPDIP was associated with higher MSBP. Depressive symptoms, as measured by the CES-D, had a main effect on MSBP, F ¼ 7.62; P ¼ 0.01, the more depressed, the greater the MSBP. Figure 1 depicts the main effects of SBPDIP and CES-D.
With regard to sex, a significant STAI Â Sex interaction, F ¼ 12.99; Po0.0001 was found. Specifically, higher levels of anxiety were associated with higher MSBP only in male subjects and women showed the opposite effect. Similarly, differences in sex patterns emerged for hostility, indicated by the significant Sex Â CM interaction, F ¼ 11.07; Po0.0001. Higher hostility was associated with a higher surge only in men, whereas women showed the opposite pattern. A CES-D Â Sex interaction also emerged with depressed men showing higher levels of MSBP compared with depressed women, F ¼ 3.78; P ¼ 0.05. Figure 2 shows the two-way effects for sex and personality factors.
With regard to SBPDIP, significant interactions were found with depression, F ¼ 4.17; P ¼ 0.04, anxiety, F ¼ 4.98; P ¼ 0.03 and hostility, F ¼ 8.19; Po0.0001. High SBPDIP was consistently associated with higher surge, independently of personality traits. However, for low SBPDIP, higher levels of anxiety, depressive symptoms and hostility are associated with higher surge (Figure 3) . The interaction between SBPDIP and SBP during wake was also significant in determining MSBP, F ¼ 7.20; P ¼ 0.01, with higher surge for subjects with high dipping and high SBP during wake.
No other significant main effects or interactions were found. To summarise, results suggest that SBP dip and depressive symptoms independently contribute to MSBP. Whereas men were more affected by the influence of anxiety and hostility, the effect of depressive symptoms was the same for both sexes. Finally, higher levels of anxiety, depressive symptoms and hostility were associated with higher MSBP only in subjects with low SBPDIP. Table 2 shows the results of the regression model for MSBP, demonstrating that SBPDIP (Po0.0001), CES-D (P ¼ 0.04), CM Â SBPDIP (P ¼ 0.01), and 
Discussion
Dipping and the MSBP have important consequences for cardiovascular disease risk and morbidity, and psychological factors have also been shown to relate to morning surge. In this study, we demonstrated that depressive symptoms and SBP dipping independently contribute to morning surge in a healthy population.
In the present study, depression had a main effect on morning surge showing that a higher surge was associated with higher levels of depressive symptoms. Previous research demonstrated that depression is an independent risk factor for cardiovascular events, and that depressive mood is associated with adverse cardiovascular outcomes. 11, 13, 31 In line with recent findings by Cooper et al. 16 our results suggest that although the subjects were not clinically depressed, even higher scores on a scale of depression may be a cardiovascular health risk. There is clinical evidence supporting the use of behavioral 32 and pharmacological interventions targeting depression to improve cardiovascular prognosis. 33, 34 Given the well established relationship between depression and cardiovascular disease, 35 there needs to be a greater awareness of the role of depression as a cardiovascular risk factor in a normotensive population. In addition, longitudinal studies are needed to determine whether interventions aimed at decreasing depression have a positive impact on cardiovascular risk in a normotensive population. SBP dipping was the strongest predictor of morning BP surge accounting for 30% of the variance, the greater the dip the greater the surge. This is paradoxical as the literature proposes that a lack of dipping is associated with hypertension and an increased risk of cardiovascular mortality. However, data on the relevance of dipping for cardiovascular health are ambiguous. Three large-scale prospective studies provide evidence suggesting that non-dipping is associated with a higher risk of cardiovascular events than dipping. 36, 37 In another prospective study of normal adults without a history of cerebrovascular disease, dipping and BP level were independent predictors of the risk of cardiovascular mortality. Non-dippers were shown to be at approximately double the risk of cardiovascular events as dippers, although the influence of psychological traits was not reported. 38 However, Bjorklund et al. 39 report that nighttime BP and dipping were no better at predicting risk than daytime pressure. In a study of 24-h BP in a Japanese population including normotensive and hypertensive samples, BP levels were the same in both dippers and non-dippers. Daytime BP was higher in the hypertensive dippers than in the non-dippers even though their risk was lower. 36 Thus, findings seem to suggest that both dipping and non-dipping can have a role as risk factors.
In the present study, dipping interacts with the psychological traits of depression, hostility and anxiety in determining morning surge. Specifically, low dippers with high scores on these psychological traits showed higher surge; for participants with high dipping, surge appears to be less affected by these traits.
Psychological states of depression and anxiety have been associated with difficulty in falling asleep and poor quality of sleep, 17, 40 and altered amounts of stage 4 sleep may influence both non-dipping and morning surge. 17, 41 In addition, sleep disorders have been associated with non-dipping BP patterns. 17, 42 Depression in men has been associated with disrupted diurnal BP variation with a tendency to the non-dipping pattern, 43 an additional cardiovascular disease risk factor in normotensives. 44 In a study of elders with depressive symptoms, nighttime SBP fall was lower compared with nondepressed elders, with a significantly higher incidence of non-dipping. 45 Present findings further show that the magnitude of the morning surge observed in male subjects with higher hostility ratings was greater compared with females. Men have frequently been reported to have higher levels of hostility compared with women, 7 with abnormal beta adrenergic dysfunction in healthy males. 46 In our study of morning surge in hypertensive patients with low versus high hostility scores, 17 we found that high hostility subjects had higher BP during the 3 h before getting up, and the slope of their BP appeared steeper before rising, compared with low hostility subjects.
Although sex has not been considered a significant factor in research on morning surge, 18 our findings indicate that sex interacts with psychological traits in affecting surge and should be further evaluated in a normotensive population. A recent investigation in primary hypertensive individuals reported that surge was strongly correlated with age, although sex did not influence surge. 18 However, in women, morning DBP and mean arterial pressure were lower while morning pulse pressure was higher. 18 In addition, in women, an association between BP variation and cardiac abnormalities has been reported in hypertensive dippers and nondippers. 47 These findings suggest that the effects of age and sex on surge should be considered further in hypertensive patients.
In our study, ethnicity was not a significant factor. Research examining racial differences in cardiovascular disease suggests that differences in dipping rather than surge may contribute to observed racial disparity and may reflect psychosocial and socioeconomic as opposed to genetic influences. For example, in a recent study of hypertensive and normotensive women and men, findings suggest that everyday discrimination is associated with less nocturnal dipping, controlled for known covariates of demographic and life-style factors. 48 Present results suggest that no single biological or psychological mechanism influences BP dipping and surge. As a limitation, sleep quality or social support were not evaluated in this study. Further research is needed on these and other factors, including stress, income, exposure to violence and crime, diet, family structure, community resources, education, job stability, built environment, physical activity, health maintenance behaviour and health care access. 49 However, present data offer some insight into the complexity of the factors related to nighttime BP dipping patterns and surge in normotensive individuals, providing an opportunity for which interventions can be encouraged. The association between non-dipping BP patterns, morning BP surge and psychological profiles provides further support for the potential of the positive benefits of psychological interventions that may convert a non-dipping BP profile to a dipping BP profile in normotensive individuals.
In conclusion, BP surge and dipping should be regarded as complex phenomena, the proper evaluation of which may yield important pathophysiological information. As shown by several studies, both dipping and non-dipping are likely to have clinical significance. The present study identified the impact of depressive symptoms on morning BP surge in a normotensive population that is independent of dipping. This finding needs greater attention in as much as alterations in nocturnal BP fall may reflect altered cardiovascular regulation in combination with various psychological profiles. Lastly, these findings add to the growing body of evidence highlighting the relevance of psychological risk factors in cardiovascular research.
